Abstract -The Corsi block-tapping test was developed as a non-verbal task to measure spatial memory. In this test, cubes are tapped by the examiner in novel sequences of increasing length after which participants are required to reproduce each sequence immediately. Objectives: To evaluate spatial working memory in Alzheimer's disease (AD) patients. Methods: 30 elderly control subjects (21 women, 9 men) and 30 patients with probable Alzheimer's disease (15 women and 15 men), with 8 or more years of schooling, were evaluated with the Mini-Mental State Examination (MMSE), digit span and Corsi block-tapping test. Proportions were compared using Chi-Square, and continuous variables with the Mann-Whitney tests. Results: AD patients were older than controls (p=0.014), but there were no differences regarding gender or educational level between these groups. The performance on the Corsi block-tapping test differed between AD and control individuals (p=0.010), and between patients with moderate dementia and controls (p=0.032), but not between control individuals and patients with mild dementia (p=0.090). Conclusions: In the present study, AD patients with moderate dementia showed impairment in spatial working memory while those with mild dementia did not. This finding may be due to the relatively small sample size, but it is also possible that spatial memory may be normal in the initial (limbic) phase of AD. Key words: working memory, Alzheimer's disease, Corsi block-tapping test, spatial memory, non-verbal memory.
In 1974, Baddeley and Hitch proposed a three-component model of working memory to which, after a few years, the addition of a further component was proposed. 1 The current model of working memory comprises the central executive, phonological loop, visuospatial sketch pad and episodic buffer. The visuospatial sketch pad is the subsidiary system of working memory responsible for visuospatial working memory. It integrates spatial and visual information into a representation which may be temporarily stored and manipulated. The system is involved for example in reading, an action that requires maintaining a representation of the page and its layout that will remain stable to facilitate eye movements from the end of one line to the beginning of the next.
Ungergleider et al. (1998) evaluated normal subjects with PET scans in a task where subjects had to memorize faces and their locations. It was found that different types of working memory activated separate prefrontal regions. Working memory for objects activates predominantly inferior prefrontal cortex whereas working memory for spatial locations activates the superior prefrontal cortex. 3 Functional magnetic resonance imaging (fMRI) studies have shown that in addition to the dorsolateral prefrontal cortex, the posterior parietal cortex also plays a role in spatial working memory. 4 The Corsi block-tapping test was developed in 1971 as a measure of spatial memory with minimal verbal mediation. 5 The test requires the maintenance of a visuospatial pattern and a movement sequence. Retaining a sequence of targeted movements requires memory both for observed movement and for a pathway between objects. 2 In the same way the digit span is influenced by educational level, 6 the Corsi block-tapping test is sensitive to age, gender and schooling years, only there is no hemispheric lateralization for this test. 2, 4 Akin to the orally presented digit span sequences, the number of blocks is a determinant of difficulty. Thus, the level of difficulty increases with the number of blocks in a sequence while performance generally declines with increased span load. 7 Patients with Alzheimer's disease (AD) show decline in immediate memory span and in working memory as the disease progresses because of a deficit in the central executive component of working memory. This hypothesis is supported by Morris and Baddeley who compared AD patients and normal elderly in a combined simultaneous task. 8 Previous studies which have evaluated spatial working memory in AD patients found that this group had impairment of immediate visuospatial memory. [9] [10] [11] The aim of the present study was to analyze spatial working memory in Alzheimer's disease patients through the Corsi block-tapping test, and to compare the performances of patients with mild and moderate dementia.
Methods
We evaluated 30 subjects and 30 patients with probable AD from the Cognitive and Behavioral Neurology Unit of the Hospital das Clínicas of the University of São Paulo School of Medicine. All data were collected after analysis and approval by the ethics Committee of the institution. Informed consent was obtained from all participants.
AD patients were diagnosed following the NINCDS-ADRDA criteria 12 and control subjects were submitted to a structured memory questionnaire to exclude cognitive impaired subjects. Both groups had at least 8 years of schooling. Patients with depression or other neurological disease were excluded.
The evaluation consisted of a brief cognitive battery which included the Mini-Mental State Examination (MMSE), digit span and verbal fluency tests. [13] [14] [15] [16] Both groups were also evaluated with the Corsi blocktapping test. The original apparatus for the task consisted of a set of nine 3.1 cm cubes arranged irregularly on a board with a numbered side that only the examiner can see. The examiner taps the cubes in a sequence and the participant is required to reproduce the sequence in the same order immediately after demonstration. Subsequently, the examiner taps another sequence of increased length, followed by the patient and so forth until a maximum sequence of nine cubes is reached. 5 The result was scored by the number in the maximum sequence that the patient was able to reproduce correctly, giving a maximum possible score of nine.
After the initial evaluation, patients were classified into mild or moderate dementia according to their scores on the MMSE, 19 points or more for mild dementia and between 14 and 18 for moderate dementia.
Statistical analysis
All variables were analyzed from a descriptive viewpoint, with determination of means and standard deviations. The chi-square test was used to verify the difference among categorical variables and the Mann-Whitney test for quantitative variables. The value of statistical significance 
Results
The results of demographic data are presented in Table  1 while Table 2 shows the mean scores on the cognitive tests, including the Corsi block-tapping test.
AD patients had a worse performance in all tests, including the Corsi block-tapping test, versus controls. There were significant differences between mild AD patients and control subjects in the Corsi block-tapping test, but the test was unable to differentiate between mild and moderate AD patients.
Discussion
In this study, AD patients exhibited a significantly poorer performance on the Corsi block-tapping test, which suggests impairment in visuospatial working memory. Impairment was only seen in AD patients with moderate dementia.
Other studies have previously tested AD patients using the Corsi block-tapping test. [9] [10] [11] Liu et al. (1991) studied 15 AD patients with mean MMSE scores of 22.87, along with 15 controls, and found that AD patients were impaired in the Corsi block-tapping test. 9 Grossi et al. (1993) evaluated 39 patients with AD using the Corsi block-tapping test and found that patients with mild dementia also showed impairment in working memory, 10 while Trojano et al. (1994) compared two different versions of the Corsi block-tapping test in AD patients and concluded that subjects were impaired in both versions.
11
All of the above-mentioned studies, as did the present study, have shown that the AD patients were impaired in visuospatial working memory upon testing by the Corsi's block tapping test.
Liu's MMSE results were similar to those seen in our mild dementia group. However, their patients with mild AD already demonstrated impaired performance on the Corsi block-tapping test, a result not seen in our mild dementia group. In the present study, no confirmation that AD patients with mild dementia had impaired spatial working memory was evident. This finding may be related to the relatively small sample size, but it is also possible that spatial memory may be normal in the initial (limbic) phase of AD.
Since it is known that working memory declines with age, especially in the visuospatial domain, 17 together with the fact that our patients with mild dementia were older than controls, the absence of any performance difference between controls and mild dementia subjects on the Corsi blocktapping test represented a somewhat unexpected finding.
